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KEY POINTS
 Anorexia nervosa, bulimia nervosa, and binge-eating disorder are complex conditions that
arise from a combination of genetic and environmental factors.
 Genome-wide association studies of anorexia nervosa have identified specific loci, and
genetic correlations implicate both psychiatric and metabolic factors in its origin.
 Patients and families can and do ask about genetic risk for eating disorders and implica-
tions for children and other family members.
 Genetic counseling is an important tool to aid families and patients in appraising risk.STATE OF THE SCIENCE: PSYCHIATRIC GENETICS
Few areas in psychiatry have advanced as rapidly as psychiatric genetics. We can now
study the genomes of individuals with and without psychiatric disorders with increasing
precision and ever-decreasing costs.1 Largely through the collaborative efforts of the
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gations focused on schizophrenia, major depressive disorder, bipolar disorder,
attention-deficit/hyperactivity disorder, and autism spectrum disorder.2–7 The second
generation includes eating disorders, substance use disorders, Tourette syndrome,
obsessive-compulsive disorder, and posttraumatic stress disorder.1 Alzheimer disease
and anxiety disorders are provisional groups.1 The PGC has had impressive successes
in both identifying genetic loci associated with specific disorders4,5,8–15 and advancing
our understanding of comorbidity via cross-disorder analyses.6,16 The challenge for all
groups has been to amass adequate sample size to identify a critical number of contrib-
uting loci to inform the next steps of explicating biological pathways. Understanding
these pathways can ultimately lead to the development of genomically informed ther-
apeutics and allow for increasingly personalized medicine approaches.
Here, the authors present the current state of the science of the Eating Disorders
Working Group of the PGC (PGC-ED) and plans for the immediate future.FAMILY STUDIES, TWIN STUDIES, AND GENOME-WIDE ASSOCIATION STUDIES OF
EATING DISORDERS
It is clear that anorexia nervosa (AN), bulimia nervosa (BN), and binge-eating disorder
(BED) run in families and are heritable.17 In the past, the heritability of diseases and
disorders had to be estimated indirectly through family or twin studies.18 Now, we
can use genome-wide data to directly estimate heritability.19–21
Anorexia Nervosa
AN is familial. Female relatives of individuals with AN are 11 timesmore likely to develop
AN than relatives of individuals without AN.8 Consistent with the diagnostic flux seen in
eating disorders,22 specific presentations do not breed true in families. For example,
the relative risks of full and partial AN syndromes as well as Diagnostic and Statistical
Manual of Mental Disorders, 4th Edition (DSM-IV) eating disorder not otherwise spec-
ified (EDNOS) are elevated in first-degree relatives of individuals with AN and BN.8,23
Twin studies have yielded heritability estimates for AN ranging from 0.28 to 0.74.24–26
The range reflects varying definitions of illness, with more narrow AN definitions associ-
ated with higher heritability estimates.27 Diagnostic transitions between AN and BN are
partially accounted for by shared genetic factors, with twin-based genetic correlations
ranging between 0.46 and 0.79.28 Common comorbidities also reflect shared genetic
factors with bivariate twin studies of AN with major depression29 and obsessive-
compulsive disorder (OCD)30 yielding genetic correlations of 0.34 and 0.52, respectively.
Phase I of the PGC-ED was a global collaborative effort including 3495 individuals
with AN and nearly 11,000 controls without eating disorder histories from 12 case-
control cohorts.31 The PCG-ED estimated the single nucleotide polymorphism-based
heritability of AN to be 0.20, and identified 1 genome-wide significant locus on chro-
mosome 12, that had previously been implicated in type 1 diabetes32 and rheumatoid
arthritis.33 More broadly, the PCG-ED reported significant genetic correlations be-
tween AN and other psychiatric disorders, including schizophrenia, personality traits
such as neuroticism, and educational attainment. Of particular interest were signifi-
cant genetic correlations between AN and metabolic and anthropometric traits,
including positive genetic correlations with high-density lipoprotein cholesterol and
negative genetic correlations with body mass index (BMI), obesity, fasting insulin,
and fasting glucose. Overall, these findings encouraged reconceptualizing AN as
both a psychiatric and a metabolic condition.
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genetic variants and AN, and to elucidate which biological pathways are important for
AN susceptibility. Accordingly, Phase II of the PGC-ED includes more than 16,000
cases and 47,000 controls from 15 countries worldwide. With these data, the PGC-
ED is moving closer toward a more comprehensive understanding of how genetic vari-
ation contributes to AN risk. The success of the PGC-ED AN genome-wide association
study (GWAS) has provided a blueprint for investigating the genetic contributions to
other eating disorders.
Bulimia Nervosa
Unfortunately, we know far less about the genetic epidemiology of BN than AN. Individ-
uals with familymembers diagnosedwith BN carry an increased risk of eating disorders
and of BN in particular,8 and the heritability of BN is estimated to be approximately
0.60.26,28,34,35 AN and BN are strongly genetically correlated (0.46–0.79), as are bulimic
behaviors and alcohol misuse (0.33–0.61).28,36,37 Even though the genetic correlation
between AN and BN is high, some specificity may also exist, as co-twins of individuals
with bulimic symptoms are at a higher risk for developing BN than AN.38
The PGC-ED is actively collecting genetic samples from individuals with BN and will
use the GWAS framework to test for genetic variants associated with BN. This initiative
will help to elucidate genes and pathways that are shared between BN and AN, and
others that are specific to BN.
Binge-Eating Disorder
BED also aggregates in families and is heritable. Few published genetic studies of
BED exist, as it has only recently been recognized as an official diagnostic category.39
Twin-based heritability estimates are between 0.39 and 0.45.40,41 Significant genetic
correlations exist between binge-eating and bulimia symptoms, as well as between
binge-eating and alcohol dependence.36,37,42,43 Obesity and BED are also moderately
genetically correlated (0.34).44 To identify biological pathways involved in BED, the
PGC-ED is currently recruiting individuals diagnosed with BED for a GWAS.
Other Eating Disorders
Many of the DSM-5 eating disorders have not yet been the subject of family, twin, or
GWA studies. Given the need for large samples, concentrated efforts are needed to
make this happen. One approach may be to collect data within countries with health
registers or from large health maintenance organizations with electronic databases.
However, many countries with health registers use International Classification of Dis-
eases (ICD) rather than DSM codes for disease categorization, meaning that these na-
tional resources will not become informative for the new feeding and eating disorders
until ICD-11 is launched. Even then, disorder definitions may not map on perfectly to
DSM-5.45 Substantial work will be needed to reconcile these disparities and/or estab-
lish additional infrastructure to collect the samples needed.
WHY ARE SUCH LARGE SAMPLE SIZES NECESSARY FOR GENOME-WIDE
ASSOCIATION STUDIES?
The most illuminating GWA studies of psychiatric disorders contain tens, or even hun-
dreds of thousands, of cases and controls.12 The need for large samples is primarily
driven by the genetic architecture of complex traits and disorders.46 These traits are
influenced by many genetic variants, but each variant only contributes a small amount
to the total phenotypic variation.47 Increasing the sample size helps to detect variants
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independently replicated.48
Findings from the PGC highlight the importance of large numbers of cases and con-
trols.1 For example, in a schizophrenia GWAS with fewer than 10,000 cases, the ge-
netic variants initially identified failed to replicate.49 However, in subsequent, larger
GWAS for schizophrenia, the PGC identified 108 genetic loci with robust signal.12
Furthermore, larger sample sizes allow for increased exploration into the mechanisms
by which genetic variants influence psychiatric disorder risk, in the cell type(s) impor-
tant for that disorder.50–52
Features of eating disorders, including cross-disorder risk and comorbidities, also
necessitate large samples. For example, the high degree of crossover between eating
disorders, as well as the high frequency of comorbid disorders (eg, OCD, substance
use, anxiety, depression) increases the heterogeneity of the phenotype.28,36,42,43,53
This means that even more samples are needed to detect true variant-phenotype
associations.54
Furthermore, genetics may be a viable approach to understand both the role of and
the importance of BMI as a diagnostic feature of eating disorders.38,44 AN is by defini-
tion associated with low weight, or substantial weight loss.39 Atypical AN can be diag-
nosed in individuals who display all the features of AN except low weight.39 BED,
although commonly associated with overweight or obesity,38 can and does occur at
any weight. As our samples sizes for AN, BN, and BED GWA studies increase, we
will be extremely well-positioned to explore how genetic risk for high or low BMI inter-
acts with genetic risk for eating disorders in determining phenotype and perhaps even
assist with predicting course of illness and treatment response. For these reasons, the
PGC-ED aims to sample more than 100,000 individuals with eating disorders.WHAT GENOME-WIDE ASSOCIATION STUDIES CAN DELIVER AND WHAT THEY
DON’T DELIVER: GENOME-WIDE ASSOCIATION STUDIES TO FUNCTIONALITY,
PATHWAYS, THERAPEUTICS
What is the purpose of GWA studies? Historically, in family studies, our goal was to
determine whether certain disorders ran in families. The answer to this question
was a go/no-go for further exploration of genetic factors via twin and molecular ge-
netic approaches. Twin studies yield heritability estimates, and with caveats, quantify
the extent to which familial aggregation reflects genetic factors. To some extent, twin
studies provide go/no-go data for GWA studies.
Sullivan and colleagues1 emphasize that the goals of the PGC are to gain biological,
clinical, and therapeutic insights into psychiatric disorders. It is expected that the
contribution of individual loci will be small: these are, after all, complex traits. In aggre-
gate, however, many small effect sizes congeal into identifiable pathways that expli-
cate biology. Analyzing the pathways of genome-wide significant variants has
confirmed what was previously known about psychiatric disorders and has laid the
foundation for new avenues of discovery. For example, the top pathway enriched
among schizophrenia GWAS loci, postsynaptic density,55 was supported by previous
copy number variant–based and exome-based studies.56–58 However, the investiga-
tors also found enrichment in the histone H3-K4methylation pathway.55 Further explo-
ration of this pathway could shed light on the mechanism(s) underlying environmental
risks for schizophrenia occurring early in development.59–61 We hope for similar in-
sights into eating disorders.
Ultimately targeting pathways (not individual loci of small effect), may have consid-
erable value in the development of pharmacologic interventions. For example,
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including the dopamine D2 receptor (DRD2)62,63 and haloperidol.64 Additional ana-
lyses of these genome-wide significant variants show enrichment for selective calcium
channel blockers and antiepileptics, which may be able to be repurposed for schizo-
phrenia treatment.65 In the same manner, pathways that will be identified in future
eating disorder GWA studies may have direct therapeutic implications.
GENES DON’T ACT ALONE
The focus of this review is on genetics; however, none of the work on the genetics of
eating disorders precludes the action of the environment on risk. In fact, research on
the genetics of eating disorders has thrived because modern technology has made
genes more tractable and quantifiable than environmental risk factors. Environmental
main effects can occur, and environmental factors can interact with genetic factors in
many, often complicated ways. A detailed review of gene-environment interplay in
eating disorders can be found in Baker and colleagues.2
HOW CAN CLINICIANS USE THIS KNOWLEDGE TO HELP PEOPLE LIVING WITH
EATING DISORDERS AND THEIR FAMILIES?
Clinically, individuals with eating disorders and their families and loved ones are
deeply interested in the emerging genetic research. In a context in which historically,
individuals and their families have been blamed (both overtly and covertly, intentionally
and accidentally) for illness,66–77 genetic explanations for eating disorders hold the
attraction of having the potential relieve the burden of blame associated with these
conditions.78,79 Further, genetic findings help validate and legitimize experiences
that are often dismissed as “all in the patient’s head.” However, genetic explanations
for conditions like eating disorders are not a panacea: they can inadvertently exacer-
bate guilt (eg, for “passing on bad genes”), and fear/fatalism (eg, I am doomed to
develop an eating disorder because it runs in my family).79 Further, presenting eating
disorders as strictly genetic conditions does not reflect existing knowledge of the
complex interplay of genetic and environmental factors.
Providing families with information about causes of illness is, therefore, not a trivial
process. The information to be communicated is complex, and its potential emotional
ramifications span a broad spectrum.80,81 Accordingly, clinicians report feeling under-
prepared to fully engage in discussions about the genetics of psychiatric disor-
ders.82,83 Families often have pressing questions related to this topic, such as, “Are
eating disorders genetic? Is it my fault that I have/my child has an eating disorder?
Is the chance that my child will have an eating disorder too great to consider having
children? Is there anything I can do to decrease the risk of developing an eating dis-
order?” In this section, we draw from the field of psychiatric genetic counseling, to
provide a framework and resources for clinicians to engage in important conversations
around these topics (Box 1).
WHAT IS GENETIC COUNSELING?
The need for genetic counseling for people with psychiatric disorders and their families
has been discussed in the literature for years,84–90 with empirical studies emerging in
the past decade.91–98 Even in the absence of genetic testing, genetic counseling to
help people make meaning of genetic information from their family history can lead
to important outcomes, including improved knowledge, more accurate understanding
of risk,94 and increased empowerment and self-efficacy.93 To date there are, to our
Box 1
What is genetic counseling
Though often thought of as being an activity (ie, a conversation any health care provider might
have about genetic testing or risk for children), genetic counseling is a professional discipline in
its own right. The first MSc level training programwas established at Sarah Lawrence College in
the 1960s, and there are currentlyw4000 board-certified genetic counselors practicing in North
America.108 Genetic counseling is not dependent on genetic testing, is not a purely educational
or informational interaction, and is not solely focused on conversations about risks for family
members or pregnancy. Instead genetic counseling is the process of helping people to “under-
stand and adapt to themedical psychological and familial implications of genetic contributions
to disease.”109 The profession is founded on a patient-centered counseling model, and the
principle of promoting and supporting patient autonomy is fundamental.81 A key focus of ge-
netic counseling is to uncover and address any guilt, shame, stigma, blame, or fear that may
relate specifically to the patient/family’s explanation for cause of the condition in the family.
Genetic counselors also take a personalized approach to helping patients to make decisions
(when applicable, eg, concerning childbearing) that are best for them, based on their own
values, practicalities, and priorities. Genetic counseling differs in important ways from the
group-based psychoeducation that often occurs in psychiatric settings. Although there is
some overlap in the roles of genetic counselors and psychiatrists (especially in terms of uncov-
ering and addressing emotions), the scope for genetic counselors is limited to addressing these
issues as they relate to people’s explanations for cause of illness. Further, the relationship that a
psychiatrist has with a patient is typically longer term, whereas genetic counseling typically is
limited to 1 to 2 appointments.93 Genetic counseling can be delivered to an individual patient
alone, to various configurations of the patient and family members, to couples, or family mem-
bers without the patient present.
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disorders.
Eating disorder clinicians may not be inclined to develop the expertise necessary to
engage in discussions about genetics with their patients. Such a situation is ideal for
interdisciplinary collaboration: clinicians can partner with genetic counselors to pro-
vide these services to families (www.findageneticcounselor.com). For clinicians who
wish to engage with families around genetic topics, we provide a brief guide (see
Ref.80 for more comprehensive guidelines).
GETTING STARTED
A detailed 3-generation psychiatric history is a key tool for the genetic counseling pro-
cess.99 It can be used as a starting point for discussions about explanations for cause
of illness, and for conversations about risk for family members (if requested). This
detailed history can be taken before (eg, via telephone)100 or during sessions focused
on genetic topics.
Genetic counseling involves a bi-directional exchange of information between clini-
cian and patient, in the context of a psychotherapeutically oriented encounter.101 The
clinician or genetic counselor should focus on identifying, uncovering, and addressing
emotions that may be driving the patient’s questions and assumptions. Genetic coun-
seling sessions (either by a trained genetic counselor or a clinician in this role) begin
with an initial contracting process, exploring the patient’s questions and concerns,
setting expectations around duration of encounter, etc. Then, the detailed 3-genera-
tion psychiatric history picture is used to initiate a conversation about the patient’s
existing explanation for cause of illness.102 This is important, because if new informa-
tion does not account for (reinforce or challenge) existing explanations, it can easily be
dismissed as irrelevant to an individual’s unique situation.103
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Typically, patients and families are not interested in, and do not need to know, names
of specific genetic variants. Seeking information about causes of conditions like eating
disorders is rarely a purely intellectual enterprise; even detailed questions about spe-
cific variants are often driven by fear, guilt, or a need for control or certainty. It is crucial
to convey the following to families:
 Eating disorders arise from the combined effects of genes and environment (or
experiences).
 We do not typically inherit mental illness, but we can inherit a vulnerability to
mental illness.
 There is no known single factor that is necessary and sufficient to cause eating
disorders.
No statements around these issues are neutral; their valence is subjective. There-
fore, it is important to address the emotions attached to these issues, which may
range from intense relief (“Oh thank goodness; it’s not my fault!”) to deep worry
(“How vulnerable am I?/Does this mean that [experience that I feel responsible for]
is why I have this condition.IS it my fault?”), or guilt (“Did this happen because I
passed on bad genes?”).
Visual counseling aids (like the “Jar model,”80 which applies the concept of different
shapes for genetic and environmental vulnerability factors filling a jar, available at
nsgc.org) can pictorially represent how illness occurs. A key message that can be pro-
found and de-stigmatizing is that we all have some genetic vulnerability to eating dis-
orders.31 The family history picture can be used to personalize the discussion about
etiology and illustrate how genes and experiences may have co-contributed for indi-
viduals in their family. When multiple psychiatric and metabolic disorders aggregate
in the family, it can also be useful for families to have a discussion, based on the family
history picture, about how GWA studies demonstrate that genetic vulnerability can be
shared across these different conditions.20,31 Clarifying the etiology of eating disor-
ders can be used as a framework for understanding not just how people develop
illness, but to contextualize what might be done to mitigate risk, or to support recovery
(as described in Ref.80).
IMPLICATIONS OF ETIOLOGY: DISCUSSING TREATMENTS FOR AND RECOVERY
FROM EATING DISORDERS
Clarifying the etiology of eating disorders can also be used as a framework for under-
standing what might be done to mitigate risk, or to support recovery. The clinician
should ensure that the patient and/or family understands (again using visual aids) that
we cannot change our genetic vulnerability to eating disorders, but we may be able
to manage some aspects of how our environment shapes our risk. It is important to
ensure that the patient and/or family understands that we cannot categorically prevent
development of an eating disorder, but we may be able to protect mental health. For
example, in general, social support, adequate regular sleep, good-quality regular nutri-
tion, exercise (in moderation), and developing effective stress management techniques
can all be beneficial to general mental health,104–106 as well as other activities that may
be effective for some individuals too (eg, spending time with a pet, reading fiction). The
clinician should work to help the patient and/or family identify other strategies, and to
acknowledge the guilt that can accompany failing to engage in all of these activities
all the time, perfectly. The goal is to simply do what we can, celebrate those achieve-
ments, and practice self-compassion, because perfection is not possible.
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cussing mental health is not taboo, and where good communication and support are
prioritized, and mental health self-care is modeled can only help. It is very important to
convey to parents that perfect parenting does not exist. No parent has the power to
categorically prevent illness.DISCUSSING RISK FOR EATING DISORDERS IN THE FAMILY
Communicating about risk is not a necessary component of the genetic counseling inter-
action.107 Even when patients state that the reason for seeking counseling is to under-
stand the chances of family members developing an eating disorder, it is beneficial to
begin with a discussion of etiology and the implications for treatment and recovery.
This exchange serves as a framework for any discussion about probabilities. Once the
patient is satisfiedwith her or his understanding of these topics, then reassess their inter-
est indiscussingspecificprobabilities.Afteraddressing these topics, approximately20%
of patients change their mind about discussing specific probabilities.107 Sometimes, un-
derstanding that illness is not inevitable, and that some strategies exist that can protect
mental health is enough. Indeed, those who veer away from seeking concrete numbers
tend to have better outcomes in genetic counseling.107 When a patient or family does
desire a discussion of risk, it should be approached carefully, as outlined in Table 1.Table 1
Process for engaging patients with eating disorders and/or their family members in discussion
about risk for recurrence
Step 1: Assess
expectationsa
Ask the patient/family if they have a sense of what the chance might be
and what informed their perception.
Step 2: Assess
probability
Any numbers provided should not be based solely on empirical data.
Clinical judgment is required to modify (as described in Ref.110)
chances for recurrence that have been determined in empirical
studies according to the 3-generation targeted family history.
Step 3: Provide
numbers
Although it may be tempting to simply offer a qualitative assessment of
the risk, rather than numbers, this is inadvisable and can lead to
problematic clinical miscommunication.111 Specifically, perception of
risk is subjective, and therefore what is considered “a high chance”
by one individual may be perceived as “low” by another.112 Framing
and simplicity are important when providing numbers for example,
“there is a 10% or 1 in 10 chance that your child would develop
[condition X].112 That’s the same as saying there is a 90% chance of a
9 in 10 chance that they will not develop [condition X].”
Step 4: Contextualize Contextualize the numbers provided in terms of general population
figures (eg, “everyone has some chance of developing [condition X],
in the general population the chance to develop it is y% or 1 in z”).
Step 5: Check in Ask the patient and/or family to reflect on their reactions to the
numbers.
a Consider who requests a discussion of risk. Chances for a child to develop an eating disorder
should not be discussed with anyone other than the child or the child’s parent/guardian.
Data from Ryan J, Virani A, Austin JC. Ethical issues associated with genetic counseling in the
context of adolescent psychiatry. Appl Transl Genom 2015;5:23–9.PRENATAL GENETIC COUNSELING FOR EATING DISORDERS: A SPECIAL NOTE
It can be helpful for individuals with eating disorders who are concerned about
whether they should have children to explore perceptions of and emotions around
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ensure clarity around the following:
 It is not a foregone conclusion that a child will develop an eating disorder, even if
both parents have diagnoses.
 There are things that can be done to protect mental health, but there is no such
thing as perfect parenting, and no way to definitively prevent mental illness.
Careful discussion of these issues and fears around hypervigilance, living with un-
certainty, and relapse in the perinatal period can help people to arrive at decisions
about how to move forward, given their values, priorities, and practical circumstances
(for a deeper discussion, see Ref.102).
SUMMARY
Genetic research in eating disorders is accelerating rapidly and we expect significant
new findings for AN, BN, and BED to emerge in the coming years. Concerted efforts
must also be made to extend genetic research to other eating disorder presentations,
such as avoidant and restrictive food-intake disorder, Other specified feeding or
eating disorder, and atypical AN. As lay awareness of genetic factors in eating disor-
ders grows, so too does the need for support for patients and families to contextualize
and process this biological information. Clinicians and genetic counselors can both
play important roles in this process. The discussion provided here can equip clinicians
who are motivated to engage in conversations around these topics with the basics for
meaningful engagement. However, this is a domain in which interdisciplinary collabo-
ration between genetic counselors and physicians may be an optimal strategy for sup-
porting patients and their families in their process of gaining new understandings and
making sense of the complex role of genetics in eating disorders.
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